Inhibition of NADPH Oxidase-4 Potentiates 2-Deoxy-D-Glucose-Induced Suppression of Glycolysis, Migration, and Invasion in Glioblastoma Cells: Role of the Akt/HIF1α/HK-2 Signaling Axis.
2-Deoxy-d-glucose (2-DG), a synthetic glycolytic inhibitor, is currently under clinical evaluation as a promising anticancer agent. However, 2-DG treatment in cancer cells activates prosurvival Akt signaling that might limit its clinical efficacy. The NADPH oxidase 4 (Nox-4)/reactive oxygen species/Akt signaling is known to regulate survival, proliferation, infiltration, and invasion in glioblastomas (GBMs). The enhanced motility, invasiveness, and therapy resistance in GBMs are attributed to metabolic adaptation through increased aerobic glycolysis. Therefore, we hypothesized that inhibition of the Nox-4 might enhance 2-DG-induced suppression of glycolysis, migration, and invasion in GBM cells. We identified the natural naphthoquinone compound shikonin as a potent inhibitor of the Nox-4/Akt signaling pathway. The combined treatment of shikonin+2-DG suppressed the glycolytic phenotype, migration, and invasion through modulation of the Akt/HIF1α/hexokinase-2 signaling axis in GBM cells. The combination also exhibited enhanced antiproliferative and antiangiogenic effects in vivo. Our data for the first time demonstrate that inhibition of the Nox-4-associated prosurvival signaling pathway by shikonin enhances the antiproliferative and antiangiogenic potential of 2-DG in GBM cells. In summary, the combined inhibition of Nox-4 and glycolysis may have therapeutic implications for the management of GBMs.